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Driven by both natural and anthropogenic causes, the distributions of trace

chemical species in the atmosphere has altered the natural state of the chemical

distribution and, we believe, the climate system. A clear example of this change and its

effect on climate is through tropospheric ozone. Evidence shows that over the last decade

tropospheric ozone has increased (Oltmans and Komhyr, 1986; Logan, 1985), probably

caused by increasing concentrations and emissions of CH4, CO, NOx, and NMHCs (non-

methane hydrocarbons). Tropospheric ozone is an important greenhouse gas that also

impacts human health, agricultural crops and ecosystems. Tropospheric ozone is

photochemically produced when nitrogen oxides react in the presence of carbon

monoxide, methane, non-methane hydrocarbons and sunlight. The chemistry of ozone

and NOx is also closely associated with the hydroxyl radical (OH), which governs the

atmospheric lifetime of a number of species, including CH4 and chlorofluorcarbons

(CFCs), which are major greenhouse gases and which affect the chemical balance of the

stratosphere. Increases in the concentrations of CO and CH4 can lead to decreased

concentrations of OH and a positive feedback on the atmospheric lifetimes of CO and

methane (Wuebbles and Tamaresis, 1992). The same would occur for other greenhouse

gases and for some of the important reactions which form aerosols in the troposphere.

This would further enhance the concentrations of the gases and accelerate the radiative

effects from these greenhouse species, strongly affecting climate and the accurate

prediction of climate. It is believed that warmer climates will also increase the amount of

water in the atmosphere, thereby providing another chemistry feedback on OH.

Historical analysis of atmospheric chemistry and climate has, until the very recent

past (Taylor and Penner, 1994), always studied those aspects separately, i.e., separate

atmospheric chemistry and climate models. The increasing power of stand along

supercomputers and the wider availability of the massively parallel computers, which we

believe will provide the real ability for coupled model simulations, now provide the

computational capabilities for higher levels of modeling. We believe that the scientific



needs and computational abilities now exist to warrant the discussion of coupling the

chemistry and climate models. Within this context, several key questions must be

analyzed,

• What are the most important processes that couple chemistry and climate?

• Given the need to couple chemistry and climate, how frequently must it be 

coupled?

• How do these processes that couple chemistry with climate affect climate 

variability?

• How do variations in the meteorological fields alter the chemistry/climate 

coupling and affect climate variability and prediction?

These questions can only be fully answered through the development of interactively

coupled chemistry/climate models. For such modeling, important variables are required

to be exchanged between the two models. The climate model would provide the transport

wind fields to advect the trace species. In addition, the GCM would provide the humidity

and liquid water fields that are important in the calculation of some tropospheric

chemistry and cloud phenomena. These water profiles and the GCM provided

temperature fields could be combined to calculate moist convection, or alternatively, the

calculated mass flux from convection in the GCM can be exchanged to the chemistry

model. The convection of trace species from the PBL or lower troposphere to the free and

upper troposphere, and possibly into the stratosphere, provides a key linkage of the

chemistry and climate models. Ground emitted trace species become mixed into the

troposphere through the PBL. The GCM would also provide the diurnal variation in the

PBL height while the chemistry model would deal with the wet and dry deposition of the

chemical species.

The reverse flow of information, that is from the chemistry model to the climate

model, is also important. The chemistry model will provide the global distributions of the

radiatively important species, such as O3, N2O, CH4 and CFCs. These species will

provide key information for the calculation of the heating rate fields and circulation

patterns of the GCM. Aerosols provide the dual role of being important to the radiation

balance of the atmosphere as well as a site for heterogeneous chemistry and hence play an

complex and important role in the coupling of chemistry and climate models.

These interactions provide not only interesting and exciting scientific problems,

but computational problems as well. Climate modeling depends on a delicate balance

among the climate processes and hence some level of so called "tuning" within the



climate model. It remains to be seen whether any interaction of the chemistry and climate

is strong enough to force a "re-tuning" of the climate model, but items like volcanic

eruptions and the long term trends in stratospheric and tropospheric ozone could provide

large enough alterations in the climate system to require this re-tuning. The vertical

resolution of the troposphere, especially with regard to water vapor, is very important.

The addition of chemistry may further this importance and require even higher accuracy.

The modeling of atmospheric chemistry is complicated for many reasons, key among

them is the stiffness of the chemistry. Hence, it is likely that portions of the atmospheric

could accept large chemistry model time steps while others may require very short time

steps. An important question then becomes, which model determines the overall time

step? Another way of asking this question is, how often do you have to couple the

chemistry and climate model. The time step for the chemistry must be large enough to

enable the computational expensive calculations to actually take place, but short enough

to bring the important time varying processes such as changes in the circulation patterns,

and temperature patterns for transport and chemical rate coefficient calculations, as well

as  the diurnal variation of the PBL.

There is now the scientific need and computational abilities for the coupling of

atmospheric chemistry and climate. Key questions remain as to the ability of these

models to be interactively coupled. Key coupling processes and variables are large, but, at

least initially, identified. We believe efforts should be put forth to advance the coupled

models and advance the scientific understand of the atmospheric chemistry and climate

system. To this end, we have established a list of recommendations for future modeling

efforts.

1. Massively parallel computers will be the architecture of choice for near term

future coupled chemistry climate models. These are the only computers capable of the

computational throughput needed for coupled models. Models will be required to make

use of these computers and those computers must be made available to those doing this

research.

2. Separate linking modules will be required to provide the capability of

exchanging model variables. These linking modules will provide model resolution/grid

interpolation and any needed variable unit changes (i.e., meters to centimeters).

3. Chemistry models and climate models will need to be written in standard

languages (Fortran, C, etc., etc.) and in a modular fashion. This is required for portability



among the fast changing massively parallel computers and to allow easy and quick

exchange, comparison and addition of sub-models within the chemistry and climate

models.

4. Both the chemistry model and climate model must include, at least, the

troposphere and stratosphere, along with a full set of data from natural and anthropogenic

land based emissions.

5. Ideally, a computational framework should be used that would provide the long

term future capabilities of linking the coupled chemistry/climate models with an ocean

GCM and ecosystem models.

6. Initial studies must establish the time scale at which chemistry and climate

models exchange data.

This work was performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under contract no. W-7405-Eng-48.
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